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4 GENERAL TANK TEST OF A #ODEL OF THE HULL OF THE
P3M~1 FLYING BOAT INCLUDING A SPECIAL WORKING CHART FOR
THE DETERMINATION OF HEULL PERFORMANCE

By John R. Dawson
SUMMARY

The results of a general tank test of a 1/6-full-size
model of the hull of the P3M-1 flying boat (N.A.C.A. model
18) are given in nondimensional form.' In addition to the
usual curves, the results are presented in a new form that
makes 1% possible to Apply them more conveniently than in
the forms previously used,

The resistance was compared with that of N.A.C.A.
models 11-C and 26 (Sikorsky S-40) and was found to be
goenerally less than the resistance of either.

INTRODUGCTION

The research program for the W.A.C.A. tank includes
the testing of models of hulls that have been successfully
used 1n actual flying boats. The data accumulated from
such a series of tests should indicate the relative merits
of the various types of hull that have besen developed.
Previous tests have included models of & number of hulls
of foroign design as well as some of thoso developed in
this country.

Because some difficulty had been experienced with the
spray from the hull of the Navy P3LM-1l flying boat, o 1/6
full—~size model of this hull was tested with several forms
of spray strips; the results of the tests, which were made
for only one load and get-away speed, are reported in ref-
erence 1, In these first tests, the spray thrown by the
model did not avpear to be excessive and the water resist-
ance compared favorably wlth the resistance of other mod-—
els. On account of the satisfactory results obtained in
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the tests with one load, a general tank test has been made
with this model to obtain more complete data regarding its
verformance.

The manner in which the resulis of general tank tests
have usually been presented has a number of disadvantages.
These disadvantages can be overcome to some extent by plot-
ting the data with a different arrangement of the varia-
bles. In order to demonstrate the advisability of present-
ing the data in thls new manner, the data from the present
tests will be presented in both the o0ld and the new forms.

THEE MODEL

The model as tested consisted of the same wooden model
of the main hull that was used in the tests reported in
reference 1. The lines of the mdédel are shown in figure 1
and the offsets are given in table I. The position of the
center of moments shown in figure 1 was used in the pres~
ent tests.

The particulars of the model and of the full-sigze
flying boat are as follows:

Model Full-size
Length:
Over-all . , . . , . . . . . 117,50 in. 58 ft. 9 in.
Of forebody to main step. . 50.83 in. 25 ft. 5 in.

Mgximum beam , . « . . . . . . 16,84 1in. 8 ft. 5 in.

Center of moments forward
Of Step (3 [} » . ] . . . . . . . 8.33 ina 4 ft- 2 ino

Center of moments above keel 13,18 in, 6 ft. 7 in.
Depth of step « o« ¢ ¢« « ¢« « « +» 04,64 in. 3-7/8 in.

Angle of keel aft of step to
base line s e . L] L] . . . . . 60 15’

Linear ratlio of model %o full
Size [ . .' L] » L[] L] L[] . L] . L] - . L] - . [ ] L] 1/6
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Beam?
Percentage of over—all length « . « & .« + .« . 14,33
Percentage of forebody length . . . . « . . . 233,13
Forebedy:

Percentage of over-all length . . . « . . . . 43,26

Center of moments, distance forward
of the step:

Percentage of over-all length . . . . . .+ .« & 7.09
Percentage of forebody length . . . . . . . . 16.39

Center of moments, distance above the keel:

Percentage of over-all length « « . « « « « & 11,22
Percentage of forebody length . . « « « . . . 25.95

APPARATUS AND PROCEDURE

The apparatus and procsdure for the general tank test
are described in reference 2. A general free—to-trim test
was made and the results were published in reference 3.

In a general test, the water resistance of a model for =
number of constant loads is obtained throughout the speed
range considered practicable. In the general fixed-trim
test, the trim is fixed and irimming moments are measured,
tests being made at a sufficient number of trims to deter-
mine the trim for minimum resistance, i.e., best trim. In
the general free~to—trim test the model is balanced %o
bring the center of gravity to the desired position and
allowed to pivot freely about a transverse axis through
the center of gravity; trim is measured for each load and
speed tested,

Most of the present tests were made in the fall of
1936. Analysis of the data having indicated that addition-
al data would be desirable, further tests were made in the
fall of 1937. Some differences were obtained at speed co-—
efficients greater than 7.0, and, since it was believed
that the tares (which increase with speed coefficient) were
obtained more accurately in the later tests, all test
polnts obtained in the 1936 tests at speed coefficients.



4 N:A.C.A. Technical ¥ote XNo. 681

greater than 7,0 were repeated in 1937; the 1936 dats in
this region are omitted from the present report. The dif-
ferences obtained in the two tests in this high-wspsed re-~
glon would not, in geoneral, greatly affect performance,
calculations, . : '

RESULTS

. The nondimensional coofficients commonly in use at
the W.A.C.A. tank are defined as

; A
' Load coefficient, OCA = ———
,,_J/ e cien A = =3
" Registance coefficient, OCn = ~B_
v R wbs
' . v
./ Speed coefficient, Oy = ——
v/ Trimming-moment coefficient, Cy = "%E
v W
y Draft coefricient, O = &

where , A  is load on water, 1b.

w, specific weight of water, 1b./cu. ft.
(w = 8%.3 1b./cu., ft. in these tests).

" ,°b, beam of hull, ft.
1.V, speed, f.p.s.
M, trimming moment, 1lb.-~f%.
g, wacceleration of gravitv, fi./soc.2

. &, draft at step, Tt. '

Any éonsistent gsystem of units may be employed.

The air drag of the model ig included in tho water
rogistance. Moments tending to raise the bow are consld-
erod positive.

The fixed—trim data are presonted in figures 2 to 7,

in which resistance coefficient and trimming-~momont coef-
ficlient arc plottod againsgt spvecd coefficient with load
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coefficient as parameter,-each figure being for one trim
'T. - Trim is the angle between the horlzontal and the basse
line (fig. 1), :

The .original free-to-trim data are shown in figure 8
in which resistance coefficient and trim are plotted
against speed coefficient with load coefficient as parame-
ter. .This figure is from figure 5 of reference 3.

The static data are presented in figure 9 in which
trimming-moment coefficient and draft coefficient are
pPlotted against load coefficient with trim as parameter.

Owing to the number of independent variables in a
general tank test, it is customary to eliminate the varia-
ble, trim, by finding the trim that gives minimum resist-~
ance for each speed and load tested. This best trim has
been found in the usual manuner (see reference 4) for the
present data and the usunl curves obtained are shown in
figures 10 to 13. Figure 10 shows the resistance coeffi-
clent at best trim plotted against speed coefficient with
load coefficient as parameter. Figure 11 shows the same
data plotted against load coefficient with sveed ecoeffi-
cient as paramdter. In figure 12, best trim To is plot-

ted against speed coefficient and, in figure 13, the trim-
ming-moment coefficient obtained at bagt trim is plotted
against speed coefficient, load coefficiont being the pa-
rameter in both cases.

Plotting the best-trim data in this manner allows the
ready finding of the least resistance that would be ob-
tained from the hull under any condition withain the range
of the test. It also permits the trims required to give
the least resistance and the trimming moments necessary to
hold those %rims to be obtaincd. If, however, conditions
prevent the obtaining of the best trim or circumstances
are such that the trim for minimum water resistance will
not give a minimum of the sum of the water resistance and
the air drag, then the best-trim curves are insdequate.
When, because of lack of control, best trim cannot be ob-
tained, ar approximation to the condition can sometimes
be made by using free-to-trim data. In general, however,
wvhon theo best-trim data were inadequate, it nas becn deo-
sirable to compute from the curves of original test data
the resistance rosulting from the conditions assumed. The
curves of original data are not very convenient for inter-
rolating for & number of reasons, an important one being
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that 1t frequently i1s necessary to interpolate for trim
from sheet to sheet. This difficulty -in intervolation can
be overcome by referring directly to the group of cross
pPlots used in obtaining the best trim curves. These plois
have previously besn omitted from N.A.C.A. pudblications
because they seemed to add unnecessarily %to the already
bulky sets of data., A method of presenting the data that
increases the convenlence of use without increasing the
bulk of the curves is to omit both the curves of original
test data gnd the curves of best-trim data and to substi~
tute for them the cross plots. All the data found in ei-
ther of the curves that have been omitted can be included
in the cross plots. Apparently the only sacrifice made by
presenting the data in this manner ig the loss of a view
of the variastion of the dependent variableg with speecd,
although this view can be obtained by close examination of
the crosg plots.

The usual cross plots of resistance coefficient are
shown in figure 14, Resistance coefficient is plotted
againgt trim with load coefficient as parameter, a set of
curves being made for each of a number of speed coeffi-
cients, Similar plots were made for the trimming~moment
coefficients but the data from those cross plots ars shown
in figure 14 in the form of curves of constant trimming-
moment coefficient superposed on the resistance curves.
The speed coefficients used are selected to cover the
range of the tests in such a manner that interpolation for
other speed cocfficients may be made withoul sensible loss
of accuracy. The symbols shown in figure 14 do not indi-
cate test points but denote points taken from the faired
curves of the original test data (figs. 2 to 8).

It should be noted that the data from the general
free~to—~trim tests are included in these cross plots be-
cauge these data represent the conditions of zero moment.
The line of best trim is shown on the curves of resistance
coefficient. This line alds in the determination of the
best-trim data given in figures 10 to 13. The resistance
coefficient for load coefficients other than those actual-
ly tested has been indicated in figure 14 by broken lines
obtained by cross~plotting resistance coefficient against
load coefficient for each trim. These lines are added to
aid in interpolating for load coefficient and do not dif-
fer sensidbly from curves that would have been obtained
had the variation of resistance coefficient with lead co-
efficient been assumed to be linear between any two suc-—
cesglive load coefficients tested.
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It is proposed that, except in special cases, curves
similar to those of figure 14 shall in fFuture papers be
bPresented to show the results from general tank tests,
without the additional plots of figures 2 to 8 and 10 %o
13. These curves are, in general, guite adequate for any
bproblem that can be solved with data from a general tanlk
test and, in a great many cases, they give the required
answer with the least labor. The resistance corresponding
to zero trimming-moment coefficient (free-to-trim) or any
other .assumed ftrimming-moment coefficient.may be obtained
with equal.facility. 1If data are wanted for any center of
gravity other than the one corresponding to the center of
moments used in the general tests, the trimming~moment co-
efficient may be corrected for thes differsnces between the
two positions by calculation; these curves may then be
used to show the.results of such changes. The effect of
inadequate controlling moment on reosistance is probably
more readily shown on this type of plot than on any other.

" COMPARISOYS

The resistance coefficients of WN.A.C.A. models 18,
26, and 11-C. are compared in figure 15. In this figure,
the resistance coefficients at best trim are plotted against
speed. coefficient for solected load coefficients. The data
for models 26 and 11-C are from refersnces 5 and 6. A di-
rect comparison of the curves of figure 15 assumos that,
for a zivon load, the hulls of each of the thrce models
under conslderation will have the same beam. If $he tail
oXtension, which is uscd primarily for carrying control
surfaces, 1s neglected, the threo models, 18, 11l-C, and
26, are of about the same proportions so that comparisons
based on equal beams assume that the hulls will be about
tho same size.

The curves of figure 15 indicate that, under practi-
cally a2ll the conditioans shown, the resistance of model
18 i1s less than that of either model 26 or model 11-C.
Model 18 appears Lo have very good reslistance characteris-
tics for a hull of its type and proportions.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., Cctober 5, 1938,
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TABLE I. Offsets for N.A.C.A. Model 18 (P3M-1) Flying-Boat Hull (Inches).

. Distance from base line Half-breadths
Sta~; Dis- = - - Crown
tion| tance! Keel Bl | B2 | B3 |Main |Upper |Stralght|Cove |Chine|Cove|Bot~ |Deck| WIS [WL4 [WIS |,.44iys
from chine ichine | bottom tom '
5.p. | 1 [*1.s3(3.67]5.80] 18 | l¢ | chine | lp [1g | lg |tan- 37.86/8.84|3.93| Xk
1y gency
1y
F.P.l 0.00
1/a ,92| 4.18] 4,18 3.12 3.09
1/2 1.83| 5,36| 5.36 2,46 3, 60
5/4 | 2.75] 6.53] 6,53 15,40 3,77 ~13.43]3.98
Z2.66| 7.40( 7.04]6.75 6.75 3.6 4.03 4.03]4.36
2 7,33! 9.78| 8.67{7.55 ‘é:gg 6.94 5.54 4.87| 3.15(5.57|5.42
4 | 14,67]11.74 8,32 7.84 7.33 5,07 7.33
6 | 22,00(12,78 9,80 9.18 8,17 5,53 8.17 |
8 | 29.33|123,33 19.52 9,87 8,42 5,67 B, 42
10 | 36.67(15.59 10.81 10.17 g8.42 5,67 8. 42
12 44,00 [12. 68 10.94 10,27 - 178.42 5,67 8,42
13,83 11.08 10.42
14 | 50.83(75" 70 1045 | 97| Tging 1972 B.42|8.42)5.67 B8.43
16 58.56] 4 9,67 | 8,53 | 9.05 [8.62] 8.3218.08]5,43 B33
18 66,29 9,15 ( 7.44 | 872 [7.92| B,02([6.70({4a65 B.03
20 74&2 9.“} &44 &96 IL?? 7““‘%252.9? 7Jﬂ
22 | 17| 3ioe -9.80 | 5.56| 9.80 |8.24| 6.64| J17| .17 6.74
24 B85 .50 4,77 5,65 5.70
26 | 87.25 2,08 Z,IT 4,43
28 1105.00 %.43 2,00 2,92
30 1&%75 N 2.%3 1.24 1.34
AP, [117.50] 2.57 2.57 W21 .21

lietters refer to dimensions on figure 1.

2Distance from center line {plane of symmetry) to buttock (section of hull surface made by a vertical
plane parallel to plane of symmetry).

SDistance from base line to water line {mection of hull surface made by a horizantal plane parallel to
page line).
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180 "ON 910N [BOTWYO8] "V 'I'V'N

911

1




¥.A.C.A. Toechnical Note ¥o. E81 Flg. 3

«10

b
\
l
\
|

L —"0a=.1

A

R

0365

|

.02

Ly

Registanoe coafficient,Op

| .

.
L

+»

L.
Op= 035, 1.0 & .1

J
.
[

Trimming-moment coeffiolent, Oy
]
»

3
o [._ —
F

4 5
Bpasd coefficiens, Oy

Figure 3.~ Ig_ods:iols. Varistion of repsistance cosffiocient and trisming moment coeffioient with spssd coefficient.
=



N.A.C.A. Tachnical Note Ho, 681 Fig. 3

.18
.18 \\\%_ﬂs
4 | : \' :
- N
- / AN
& /l‘s i <
T NN T
: VSN ERN | L
IATIRNERNES g AP alrs
! /i N A AT
:-"': j . 3 ' N /V"// // A
- A /'CL ] il "
) 70 T =
/ yak‘b‘ﬁ-.j_,ﬁ/‘/ g j = . AT
. r/\/l/{ _&cw/z /‘I | et
A .63 /‘//
0
. PR
o *\"5 \
el \Y \
3 N
ANSEUNN
“als3
NimE/iAEE s
LA
M
E-.q.
% ° . é ’ 8Speed ooo:.ﬁ.oient, Oy ® e. ? 'B
i

Figure 3.= Modsel 18. ,F"""é",'t“‘ of resistance ocefficlent and trimming-momant coefficient with apesd coefficient.
- [



X.A.0.A. Tecbnical Note No. €81 Tig. 4

-3

/

14

L] ﬁ/"‘f:

Y
-]
F.

/

.6
5 VEENAN ’
510 '/ ARNE AN ]
g v \\—MV/,/ D
%oa ’ x/ J/ o "t/
v w g

: W T T P
i 7N EdEDEargN

) PN T T T LT

7 7 = E ] e =
.04 ﬂ - s P ; — < |
s P P
.08 |—i “/ 21 -
| 038+ .

0

.8

4
a8
g
g7 N\
g N
E 0 \‘. > <% = 935 & L0
T
E ’//_{/

-4

A
[3) nh 3 3 4 5 8 7 8

Speed cosfficlient, Oy

Figure 4.~ llodg% 18. Varlation of resistance coefflolent and trimming-moment coeffioclent with speed coefficiect,
T= §°,



.16

14

.13

5

Resistance coeffiolent, Op
a 8

»03

."rrl.-a.nﬂonent ooof'no.lont, ?I
> - Y

A\
/ \\ Ga=ep
VAN
I ~
\+=k -8 A
/:t/ *-P\,._—+/*/ :
f/b /"‘"\v% /;)//,,e« _ L !/ e
/ / . x / } A /: ,/
}Tf/ N N Y i M/ ) - L i
77 T e
7/!4/1{ /] 2 Lo /D",/fx:
/lflo il Sl
‘1—”':'/‘3;05 V
A//V —
G =7
AR
.ss\+\
N
P f %&%«Y N =xs 038, 08 . :_
' /:/ V [ % - o]
=
b7
.47‘4 17
T
i

4 -
8Speed coeffiolent, Oy

Figure 5.-1l_lod;% 18. Variation of resistance coeffiolent and trimming-moment coefficient with speed coefficient.
- .



¥.A.0.A, Technical Note No. 681 ’ rig. ¢

.18
o lOamep
16
a3 / i kf ,‘-/*t// — oA /
7 // /f = = // ///

{.10 //+ == leb o o — /
s / B <
E%g'.“ A 1 1l [ ] //?
. _,4/ /4 /_"DX /
é | ls B /‘
3 +08 - 74 v

od = e
_ L
// A//ﬂ Pl —
.03 )J/ 0808 1A -—i——/'—T/j L
. I T oy d
0
4
.3
9=.7
r
° SN _ oss
5o £% \.:g. - ' == —— :;1
i A i
3 a4
£ . A
- /F’/ gf( B {
L
] N
-y 4 .é/_/ 7/
a 2
=% 1 2 3 v 8

4 1]
Bpeed cosfficient, Cy

Figure 6.~ 1!‘2%81 18. Yariation of resistance coefficient and trimming-momens coefficient with speed cosffioclent.



¥.A.0.A. Tsohniocal Note No. 681 Fig. 7

.18
QA--'
18 e 1
14 8 " r _
* I L+ =
// /V'
.13 2
& -
-E; 10 )‘/ ) J',‘}J il
3 717 ;
: = '
e.08 /* 2 -
i 4 |
-l T
- |
o =
™ .08 ol oL L e
e
ot |
N7 - 3 .
A ’//B/-
a Lo |t
.08 L—T -
.05—; |
] |
[+]
Ll = <08
2 /—;":'E O3
- A "% \\
& e S S e
- L.B"A' 1 \x .
"
-~ d — -
3 o7 I
o — =
u .
§ . /{ " ! 4
§-.6 M7
%.8 "
E
=¥, ) ) e . 7 8

5
Speed coefficient, Oy
Tigure 7.- ql"odﬂ 18. Variation of resistance cosfficlent and irimming-moment coafficient with spesd ovefficient.
-



¥.A C.A. Teohnical Note No. 881

«18

14

-
o

Reli.ltanoe ooo.tﬁol.mt, OR
8

.08

Trim, deg,

0

Fig. 8

X

3_

i
;

A 0= 7

/;b
] )’
A1

:w/{

/
b

0/6
/’(x

rarare

—

1 3

¢ 5
Spesd cceificient, Oy

T

8

Figure 8.~ ModeI 18. Varistion of resistence coefficient and trim with speed coefficient. Free to trim. ( From

fig. 5, reference 3.



Fig., ©

X.A.0.A. Technical Note ¥o. 681

R i e
NERE T A
VAT T A A L\
h \
o A AT RS
/ \ |
ANAVANANIRINE \ / / > //y//f/.
O T o AT TN
NINVYNIIIER YAV, 1 AN
T A7 T 7 e T TR
NN AR \
)//,, \\ \\\\ /] \\ 1 //
//_,, \\\.|\\\\\ _:mr,. / /
W77 == S

] o ~
.

v v
Ny ‘3upY0TIJe00 JUOMOM-BUTNRTIL

38
-3

Gy *queT0TIJe00 3rig

5 * .8
Load cosffiolent, 0y

o4

Figure ©.- Modsl 18. Static properties.



K.A.0.A. Technical Note Ho. 681

Figs, 10,123
5
AN
13 \\
= A
11 \Q R
. —7 / \
& <
goe y— 7 \ e et = el
A 1 N B =
% ~L_— L~ P
§ o7 / /\ / A1
E / L | P |1
.05 z L
— / //
o5 /’_\L‘; L1 / / b
R e RN
) 2 s 5 8 7 z'a
8pesd cosfficlent, Oy
Figure 10.- Model 18. Variation of resistance coefficient at best trim with speed cosfficient.
.13
.10
? 'E . ».L UA--
- .8 54 \‘ < \
'.:I K\\\X <
B
"T.; 6 a \\\\\\ \\
B \ \\\Q\\
“ *
k06 ~— | \\\“
M~ ™
D38 | e~
a e~
[~ l\l
'\\ :
[} 3 3 8 ? 8

4 5
Spsed coefficlent, Oy
Figure 13.- Model 18. Variation of best trim with speed ocoefficlent.



N.A.0.A, Teohnical Kote No. 881

.10

04

.03

Resistanoce ooefficient, O

1]
.
[=]
1]

.03

-.08

.08

0

6.0 2 A.&J T
7 5—7}';}?5 //;//‘/1‘
o /ﬂ/ pd ///// . V/ A
po ] /AN /4
//4/// //I///
ﬂ/,/’/ 10 // /// .18
g o
ZZn )z
4 AT
08 ’7 1 ,//
, i ////V /5%
| AA /
' 7
7 V7
//" ) 7 /
-yl .10 2.6
5.0 1(, .16
// u
08 ///‘/ y.d
j’” -AA
' /:, e //'ﬁ.i
VAP
.10 /’ /,’/
// ’///v .8
.08 A7 //
7T
Pa’d .
7718
i Al
y Zzal
.04 /
1 .2 .3 .4 7 .8 .9

.6 .8
Load coefficient, G

Fig. 11

Figure 1ll.—- Yodel 18. Variatiocn of resistance coeffiocient at best trim with load coafficlent.



¥.4.0.A. Technical Note No. 881 ’ Tigs. 13,13

4

g

DN

&
y4,

o

=

S
It
i
I
;

-

h?-ung-nonfnt ooeffiolent, Oy
NN
IR

-.8
-.8 . ) . R
[} 1 3 3 4 1] -] 7 8
Speed coefficient, Oy
Tigure 135,- Model 18. Variation of trimming-moment coefficlent at bast trim with spesd coefficient.
13
——— Model 18 2231—1;
-~ ——— Model 36 840
/ N —_— . Model 11=0
10 VAN
g. / h N
- Y / S pd
- 177 F
4 o / L L~ L~
e A
Lo} — L~ 1
/ [~
.g / e i
o / /_y e
e = |
g o6 J/ L ‘_/1/‘ - // /
s A es L L =A T =
3 N e e e e >
o "7 g — ~
= A S~ L 1
04 // ~——= // Pl
A== ] e _/
1 44',{’;/ e il I Rl
] L L o——"] )
—;:a/‘ -/'ﬁ'/P /L————"‘__J-___{ 3
.08 —= —
02 P
e
0 1 F 3 r 3 7 s

5
Speaed cosfficient, Oy
Figure 15,~ Comparigon of resistance coeffloients at best trim of models 18, 38, and 11-0,



N.A.C.A.Technical Note No. 881

5 qus(0111900 SoUBLSISSY

Fig.l4a

- T™TT TTT TTTT ..._nB
<t A :
E "2} <f [ M o ]
Lo . R Y o2 13 ]

r _!r Jn\ W\h\/m. Fu : ||T- -9
E . -+~ ]
a - vl ..AATA‘ -] e 3
- P Vle“‘N! ol ——1_ ANy 1
Lt 174 —_— \\“\‘Il‘l % \ll\\ .
. P T 7L - s ]

W o \Vh\.l..r - ———4— in
o iy I s iy gl W o ]
: = (T “
S B .y ]
E Wy R (] @ & R 8 _
- 11 L] Ay -

L]
£ jm
- 1
: 3 U
C - b 3
: 9 e [Tk b “

2 ~ R ) M2 \T?.. 19
5y - =T - A 1” ]
bt i i N 7\\q|(\|u s h
W - - — -
== e L o | 7 At B
» G sy — 11" “
E N - {=
. : I — i ]
3 [ o 4 %_ k ]
E L 1% *~ N= .
s o @ | ] R & I
r 3 ! 3 1 X
b h u]d
C ua g
- ey ord
- ] 1 &
I i
e : M._l.m; ]
: Pilngle |
a 4 [+~
F w d . ]
C ~® BN o ;
Vz I W\ ; P
- i A Ty
' \ L~
- . % N et 1 -
- n«u.!-.ll!\\ - R
L a2 _\x“\\ .\N § .L_l/mll o
1 "
- - 7 ﬂ‘ v T T -
c ' Oun ©w{n > MYy o
4 K| w —_
c ]
= 1
._.| ]
[ - 3
His
o 4‘._3”_2 2
Oy 3 ﬁ ( \b__ a
Wrw ...rl—— _.—.v- z_ ]
L~ [ hﬁ—. 11 J
F oy AR AN (AR
3 R
F P A 10
m el :
—— -
- VAT e
C - - , .
u F .AM_\UM o2 .
TS
F .TUA .
2 B 6 1 1} 1 Li - Il 11
= - P ~ = S Q 3 S e

Figure 14a.—- Model 18. Working charts for the determination of resistance and {rimming moment.



N.A.C.A.Technical] Note No. 681 Fig.14b
L L] TTTE L} TT Tl -_-5- [LILELI) Ll —5- Trat -5 LECELES L LS ..Anwl- FTTT T7 5 LU LA TITT 3
r . <Ph, et
b A e § e ...n,._ = T7 11" = i~
el . — —
= P_l.\w T\ _ ﬂ.l L o 3
J-._ - /I\ : |.w.|.l |||L—| [ i m n9
o _..av‘ﬂL L Ll|| 1.1 ] ;l.._.m .n 4
MRS e VA I FHEE
E .ﬂfm.uwnr\.«\ R s B Ly e B ey B I
RN g " A - 3
y = D @ LNA _ J\// \7 x\ Neo ]
E : M 3
: S M N i 1 s S 1.
£ row mua
w43 D w 4 1
@0 |\ =" | 3F] 4 ) ]
_ .Z\\ay\ﬂ XL LSy e .
_.V\Mum: il | LT [/ [ 1w 1 3
ik N = L Vm\l\ y“\\wﬂ | T 1 T m 305
P 3 — worgan ol .
o SR e AU T B ]
|9- —1 “\N.rnll\.l * V4 L F 7 o -1
14..7 L~ T —A ] b R
o= A a \u‘//r/«m “m N
- = i
1.1U|1.‘..|:U..m‘ T mu.. m.\ Z..ﬂv\h."l A \l/ w_// SV 3
) . ] o~ . -
I ———t A 7 .
i ~J of ;
A = %\A.F ] ,mu
. > | 3 -
ot 8 Ind
n ) o A A 1
18 RV.\VA?AN. \ W m\\ﬂ A 3 &
F o 3 7% .\.!\Nf -y ]
F <t \f\+\w,\ -~ ._“\u_ \“. ! H 1o
0o A = T~ |q ]
» ST T
= €\ — -1 4
m R o TS ]
QN\ o - . =7 T-\F-l\ [2a] ] [¥e)
= S = \ /] /™ ]
B~ @ i ‘o e - .
< ™ 1 .I-. 1
: . : -
£ e
= 1=
L | W ﬁ 9 on M n e b
. ) | 1 'L ey . .
1 T F\ALLS ] .\—_ | b
] ., N \H%.MTA \‘ﬂ%u\q 0 3 e
F &y (1o e VT L = :
'} [ [~ — L a3 ]
| [ ]| AT A NS (8]
- S Tt 7 t “m {2 .
- CM Wu\l\mlj ) i P e B h i . O
C 112 2 e I / ] =
- ) . - .
g R &l 8 Rk I
” =A = %F o M
m © el Lr2y L m ‘-al_b
U TR g T T Ty e K

Uy tua1o133000 20URISISSY




N.A.C.A.Technical Note No. 881

Fig.l4c
5 TS Y —r T
F 8|~ 0 S « Y 3=
= M S 3 . S S [t L
C %.\ulnwwn.llﬁmv T T~ N T _— ]
Co //:'vlll lb/Ll e \ | ||-1_|.. \ B 1o
Iullllll N AS bl:l ~ Ny N \ L0 o~ i
o e T RN -~ LN N /1 A9 o E
N B S0 W e S \ WY e Nk S VAN AN AL ~
" ST A T T e N R N | B
L N e A s N N ) AT NN Y B
wo ~ - /\/VA\ /.\ o~ 7 b |- p
=5 P S d 4
o o’ ™\ N Om N 0.\)/ ~ e~ w“ N
£ 0 «© |l ®m |« wl W Q| o T o
N 2 ! -
C 1e
r o~ n L) | n wn ~ 1
- . Q@ L < (L4 | ™ .
o LR R W S LAY b el Y f—t —— 3
= 'o— ”ﬂl ,’4/ P ] /’\VM.IL.H - e ‘1“...' —a m
F - N N R TN NN N LA K t a 1e
g —— M A Ay K
_m oL — ] N //* J/// Il// A N ,// \Al_% m ]
X} oy _" IU» 4o N\ ~\ — . o T - 3
s> Loy T~ L/nryl NS \ \ - 3
R SRR s S RSN R A
= [ Py A P ~ m n
TN P~ <. N o 4+ / T - 4
r N > / - - k
FR-N B S e S > A N ]
3 — - 7 < .
E | g ~ ~5 (> ST N ~ 3
3 ®© R ] < ™ N =N o . ww
: ) . ) L - s )
E ”3m
C Ln 7o ot [T3) — e
- 2 LS. w * 3 Q ™ s
E EEN S PN ) W A W \ N he— L\ N L e = !
B e e e WA G AN Hay F—f ”
- . l?fﬂl N o> N M { . 3
R A R E 4 S
£ oz L N ~L N ,% ] B 3
C — P l 1 3
o ] i e L r// b/l_/ N J// ! e 3
.- e~ ] I~ - ——— B
F ol f\h//\\lx Pt }‘LWHLI/V ) @ :
e sl B z . ™~ A ) M 1w
= N P P S P o FAR —~g .
IG e -t ” o 3
o ﬁ\\/ L~ V\&/J}\\ VA \\.h/\ ﬂ 3
e P S TN AT ST
C (= T<. < T > S
- | © Bls | SRR BEE M
4 ! 5 . _
L B
c o ) 5 i
8 2 <+ E o 1~
B S W T O T il AP “
[a2) — e — =y _— — —t . —_— V] 3
ST H L MLV IRV S B W S N \ o ;
E o — g —H-Te \ e N ! L = 1o
el __M o llUlT‘M . b /r N N // N / T .m E
- b —— - \ * 3
un% [ &) JIT | ﬁ/L/r?VII ) /V7 N /._ 4 ]
F — =T ll.rLV«/ ; Y B ]
C m N z V \ / 3
rnwv 1 g o = ll\.\l\,\ /\h/l 4w/ 0 M Jin
I To i - 0\\ = o<l \ﬁ/\\ /\ h d e I k
5 = = e e S JAN AN .
7 o k .
o5 S| Sx hd 1 s
= - + N - <
1 - -t
] ]
........ S — - Lrix w
2 o D [{e] [SY o
. N M 2 d X
F=

4y quato1yre00 aour}stsay



189 ON 230K 1BOTUY29L 'V D'V N

e s S — S —

: O35 | o 4.0 45 5.0

: {os -2

" ol 3 |27 jes I
14f CA:J?:.{& | Lo/ /) ) ,-/{

BEN A7 e 15 ) il
LF'IZE .s\i//{ Il ] 7/},“ //: = 6679-? /'1 :IJ ‘;i’/}.:,ﬂ i 5// ” hP}Cl’I
B -“)\’, HA S -2 A2 b 705 ,,/’/ £ / 4
5 1of .50,\)\/\} /f,{ 7 as| 1 WA //1{ ’J(_ | |eg /U_,[ '11-’/ //!/ ll// "05““ L VY }/}l:
G0 AN SA A SR A XL | LA
X R A T e
8oLl X | XD ke | R A | s i |
%.06; 41(? 7 //';/——-rs. :ég\%f’/,\(’ﬁ L—;'SI ..2?!‘-’“—;; {//ll\fss '.32%~ T\_J /'\(/4{|E1 __ E
=1 s \l“lt'f//’ 25 _Bo\:q) ’Yﬁk\w A =15 .1oa;gg A /S(/:. =48

BRRS oA mRRS i iy e Sy
T A LT A T
n: .10\\*:'3(]? B 107 b7l —.12 o s\fé% ;\IB\\ 451510 33'%2: \ "-ﬁiLzEfué
' YN \ _ o S22 Bt L A M R S .S A
I N T M
1 5 g .13 5 g 3T 5 9 131 g 13

Figure 14d.

Trim, deg.

PYL 914




'I LELILIE L L L T TTY LILILIL l_rlllllll L] TITV -z
iy L o o i A R I o e R M R A AR AR R LAREN R . 7‘0 -tD
8 Cy=5.5 6.0 6 10
¥
2} 18
i 1 g.
» &
- i@
14F -7 El
N Gag==15(F H—1%
- M- o [ Z a5]a
X - 15
: rZ Y Al ] P 5 =
12__ J 4 ; v ;3-’5 2 . . _)\ / :_;
- il .35 -15 - £ ;
r 21 1/ * £ ! _ 100
- T i t _ \ f:25 - 05 .:l5_~ 'I . Lo
wi |l SRVATE Ny Z)TE
. ECA='5QL ){//}({//}A-}' L 25 "-0‘,5 ’/ / i/ -05 -1 A/ 300 k ’ ,,\}j-" 1)
. 4 : P 7 ; / Y .
s A el Al T TR |
08 A X e =k’ f £ 2PNEY77 s
RSy e S N RN
L . v 2 Y ) 4 ‘. - ] B .
) Y" ’I}Nili 46 'W .20%%\ . ’Y%rllﬂ .10 /" II“T '10. \\ } /’ ’I’ N
-10 N I' -:' Vet \ 4 T ) ~
06 . -20:‘." Lad ‘7’ ,[—1 ‘:\‘\\ / )‘ \\\J‘/ f/ \ /‘ i
C "'\ l\\ ”741' I 0v5 \T /7 X A Y . .
RO7SN \ = '.é ;' = e al ey g N[ X s 4 17 \‘/__‘ » / g Ldil_75
= o \”R _/A,’[U g3 N \ ﬂ =17 05 | INJAA ,7 " OElJr . /,6/‘-0
.04F H+ XS W VA7 >
el THL .05 l p o |/1E-17 -04 |
o3 “REA L Las [ S I Sl YL tfrl
Uyl 2 HHIN 0 7 =7 =10 (05 ] I |
L ,"l. - 7 '.0'4 llf'__ 10| - 11 -047["" "]’, sz5 | L+".10 -04 ”/_(OIZS l g l _J:i:% 025 l _\*105
s WA s S v sk - 'g h S 7 Foa BWE
. 2363 #1108 ' 7 -.075.03;&.\ =03 = 03F ha o7 I\ ~07
it 02 . 1 " y — ]
~% : Best irim ]
...0 L B‘eiit t-r‘im .P:clsrf_Ltlf:llT 1AL Ly 1 uie?;tl?:'r:j:m sl ey Lyt l gty LIIC;IIIIIIIIIJSIII—L "9“ ':}-'3&'?1,
RN - 5 9 13 1 5 9 13 1 :
1 5 9 T, heg. -
[

Besistanc_e coefficient, _cR

Figure lde.




189 "'ON 230N TBIIUYIaL V' IV 'N

'18 [T T 'rT"I"IT_'TTl' wrITrn |'|"1'I"I'I'|'|'I"T'|_'"I"l'l' ITT]FI TRV ITIfYaeg "'|"l'r1'l'Tl'|Tl‘l'l'"I-l'll T 11 rET TTTIT[TIYTTY ll'\"]
r CV"7.5 8.0 85 3
16 -
:
.14t
" -2; :
S 12k XY/ .
. : '\ :
5 1 _
CE: G713 / g
©.10F Vs :
s 05 ; *\:I ]
8 o \\ 4 ~ ]
o [Cy20-y ~k /4 7 ]
E.OB_ 15 \'P/ 7 i ]
- -1 [/,
g -.1q\; il 77 | 1057 {% :
® o P bt " :
» OBE ///||i 1\/ Y. :
&8l 77 ]
O3 N | oy /1Y, ]
AL 7 ]
75! 1| =175 ), ]
04105,’ 7;{‘/&: 05Il 03 lg" ]
W ateZEmia Ly :
4":‘3‘ '_'t/ | <105 ‘03 ! .
A3 = - 2504 ]
Oz‘ /r{:o._'q" L ~07 025’
. : _'6;5\30131: trim 05
025 ‘Beagt trim
0 ||||-|| 1o laa Ll alaaiy L S¥E e |3|||| l-i-3
1 5 9 13 1 5 1

Figure 14f.

Fpi Big




